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(54) NITRIDE-BASED SEMICONDUCTOR LIGHT 

EMITTING ELEMENT AND ITS MANUFACTURE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To attain self-excited 
oscillation with simple structure. 

SOLUTION: The self-excited oscillation is possible by 
forming an n type ln 0 .iGa 0 .9N/GaN multiquantum well 
adjacent layer 104 as a saturable absorption area 
adjacently to an lno.3Gao.7N/GaN multiquantum well 
active layer 105 or lno.3Gao.7N/GaN multiquantum well 
active layer 105 of this light emitting element. 
Consequently, this light emitting element satisfies 
practical performance as a read optical head for optical 
disk recording. 

COPYRIGHT: (C)1998,JPO 



100 



(19>H*H««Mr (JP) (12) £t H) i£p |^ $g (A) (ll)»tlFtH«aW#^ 

#|H§¥10 -294532 

(43)&BBB ^10^(1998)11^4 8 



(51)IntCl. e 




F I 




HOIS 3/18 




HO IS 


3/18 


H 0 1 L 33/00 




H 0 1 L 33/00 C 








mm* mtmome ol (^ish) 




nj Ml r * w oooct 


(71) ttJffiBA 


000003078 










(22)fflMB 


¥^10^(1998)2^200 




»jS?;iijr;ii«w^e:ir;iib]72#» 






(72)56H# 




(31)«$fc*fcfe3S#^ 


««¥9 -37798 






(32)«$fcB 


¥ 9 (1997) 2 £21 B 






(33)«5fetfc£®H 


H* (JP) 


(72)56W# 


fiS« 






















(72)»K# 
























(74)ft3A 













(54) [USSUCD^Sf*] $ffctt*¥£#B^rf43±rR-©«ja*}£ 



(57) [gift] 
i. 

[ BS&#& ] BfUfc********^ In,., G a 
, N/G a N^«S^#FrSt4® 10 5$fcliln 
,., Ga.., N/GaN£S2T-#Fr£t£Jl 1 0 5(0* 
Sfinlln... Ga,., N/G a N^llTfpH 

81104 *Bjmni»iR«i«K-r-5c: ttcj: o saisfi 



„110 




■100 



100: y^?^^ 

10 1: nfflG a N/fo»-| 

1 02 : nfiGRN3^5M 

103 : nS&AIG bN^5»K» 

IQ4tnaino.t6ao.» N/G a N^ItfttFSHa 

I 05 : lno.iGao.7N/GaN*l*?#F$SM 

I 06 t pflGaNflftftjf 
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109: nfflGaNatRSW 
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©RSWiflJSWS 1 ocD5aR©jiBE*iJBiaj:i) 

tttMtfAS o . c ojKKfiHAoffine i -3©5aR©»s 

tt. IWEA*J13K©il*a©cmcaiIft:*|Sl-C©JBJSSO 
^{b#2 nmtlrtt 1 O^—kly UiLkJ*&»3. *7fc. 
SWEBtt««OftWl# 1 0 0 n mfclTC* 0 . *»-3«T 10 

5W«W36J«IB»»»*JI5iiW J: otl*ii 

* tiro 4 C tzmmt? ZttHOR 1 IBtS©^{fc%^ 

[1*^94] MfBPSJIli^Sfi^#Ffllj»£*rbr 20 

*$ o . gnBMtfWfigrj&iK-*- &mc 1 -3©7c*» -r >^ 

■f7 A. T^S-^AgfciStfy 9A©^©^ft< £<£> 

[»*3«5] iiufBffittiit*£M*#F$£* ; fri<r 

*$»). c©ffitfeJBCctt. c©S14JS*«lfi£-r4l-3©7c 
*©«K#H21J: •) *l »BWM««>jA«E L . C ©AttfiR 
J#«> C ©«l^*ffltf^©***4©-'<> F * v rTK.it 

k+> * c i*#»±-r*it*j« i tatt©^ 30 

I8tim6] mE^mtitS i . C. Ge, Sn. P 
b©rt©4>&< t> 1 or* 4 cifcteSfc-fc-T 4193011 

ti»*a 7 3 neA4MR4ms©nM« a . *©jga 

B#s Am=2nd (m = 1 , 2, 3, 4) ^SSfcTCi 
f himm 5 IEtt©S<tft*#3*#*6#JR-?-. 
[1»#>18] «rB«t4B«ctt:fttt*tt*ij6&L. C© 

c©?ttt««*«IWBWSSJl«:««offittJHII-ctt«ci,»Ji 
*«jerr -s ¥**&ic i o r a»ii $ tir i» 4 c t « w * 

i-T *l»*«57157 Btt©a{t«*4£«*Wft«*^-. 
[»«3B9 1 ««±tcr§ttBfcJ:tfttitc|9$«-r£BS 
SH«dtr. AC^ B B B ^©ite B B B«tffi*Wr4 3 7cJy±©li 

i - vmit&totm&fr ht£t> m&m&mm s ti««t 

#£& l> . c (DftmMWfrmsm&m 4 
{c«fc-9r*«Wi**irt»*ct%i|$«ii-f*fi{b«i3R^ so 
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[ M$9 l o ] msmmm k. b^cK««#>j£[«e or i> 
*C i*««i-rSI»«fll9E«©»l3»3fi*a(<^* 

rfcij. c©Stt®cc«. c©«ffii%m(£f 4 lo© 
7c^©?SK*5Mli2<J: 9 Jft> MKflM0'£& L- . C ©&1* 
{Rttti. C©««*Btr««©«*4©'<> K*> »5 p K 
Jt"<rBH;*», Sfctt. lOmeV^OlT/Mt^ 
> F ¥ ♦ * 4 C & *#« £ * &M$gt 9 IBIS© 

CW*^ 1 2 ] KrSBJ£ttH«^SS^tF«5i=S:ft 0 
r*5*3, 4>fc< ife-e©— SP« 1 nGaN*e>ftSCi 
£#8fc i I" 4i»*Ei 9 ^©tiMt«X¥*tt»&R?-. 

[19*11 1 3 ] 3t«±(cffittJB*Jj:CJfctiCclB«r4 

wsB^^tf. A*a*©iift«ai**r*37ceu:© 
in - vmtbe&em#* a ^suB^fSB $ titcm. 

[tt^og l 4 ] S«±KrS14)IfcJ:0 { ctUc|S8-f 4 

4 37ctt±©m -VMKb«4h¥Vft^6«e&flUW« 
SW^L^{kft***(*:?fe)WF-©«a*S«:*jc» 
r. BuiB^SS^#FK«B«. #FB©0cSffi©M^4 
i*SJB©fiR«ffl©M«^^*SS«:B¥309IB«l& 

Lr#FJPte«fcjyn»fiJi*ss:K:BSfts-i**iifc«c. 

mrlB#F@ ©J&6 i mriBPSIiJl ©fi£S <b ©R9 KBf S©^ 

tsB#ra?r^:t-t 4 c t ^'^m. t tzmimmmumz&tm 

m?m 1 5 3 HtrlB#FJl©^Sffl©/l*4^^« b 'J 

Ti3*X-2b n . StrlBP9HH©fiEfiffi©JK^^^« h y ^ 
^j?y ^A*5«fcu t r>*-r^r*4c<!:*!NF«i 
4BHtt©»b«BJ**aM*«** : f©«3ft35' 

[M^qi 1 6 ] **±teiStW*5J:!yfcfttc|*«T4 

4 3tBW±©iii -VKft««MN*ft«>6Q[«au« 

/c^tBiSSk: «fc 0 ^jS-r 4 tcffi 1/ . t?lB»fflfi£fi©M4 

±8 5 0*C«T<!:b > "T'<r©il*4^X<«: + + <J 

r//^aui©*Kfp*«ittja»-c— »b«c i o y » fjuw 

±50V9h»£TF£U S6{CV^7t^<!: I 1 Ijfcjc 
^©*;Wufiib?r 1 0 0 0Ji{± 1 5 0 0 0«Tt. 1513 

<kSJ3fi*i»i*»3iaR-T-©«afc&S. 
[»W©Blffli5cBi?B3 
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{0001] 

[mWomTZ&Mft&l *^t3:GaN. A 1 Ga 
[0002] 

[SfcfccDgtfis] mtmmt^m^m^-o^x^ 

l,>fcii!)SSttpS, nMifcgfb^Stt^Mfc^t, 
TO*. »f©J;5ftKmifc£A-eW:Slffi£^ 

©<ifltt<£>ffit,». 3 6(c v U-^miMrE^ftiO. 

S„ c<Dtctb> ^itmatt&ffixnmffi&Aicto^x 

[0 0 03] £/c. ft*©*? 1 -* *:?fBSa©S&&WOffl 

i>?nbmmmmx$>z>. $tc. mtemvmmz 
mm^ k> tmx 2 mm® u — tf £jfm-t * r£ 
serosa* , c©;#&r«ffii4®©ff3©$iJiS)#ffi& 

£?t5-^ K-C«ffi;fr©^fc-S2a&©U--1f£flfl,>£ 
[0004] 

[0 0 0 5 ] Ltc&^X, **W©BWtt±i3*t»** 

j^*i»^5ias^*s «t ^©tjjg^SiS^r a c i cc 

[0 00 6] 

[i%mzM®:-?z?citocD^m mmiommt.. sis 
*©ii**»**T*3jcfcU:©iii -vwnt&&m 

jR^tC*$l»T. mtBR&JltCU. C©[igflgJg£$JiX-f S 
1 o©?t;^©?«S*sg|2J: 0 Xl»MftM*jA£U £ 

©sw«ns©Buia i oossRoaustt. wiBA^ra*© 

tt»©C*tcSi£tt#iair«!>«fiS©g{b&i 2 n mJWrtT 
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1 O/f—te^FJiUill&O. mTIBS«^t|!(©«^: 
1 0 0 n mJWTC $>*) . ^ojfufBBt^I^©*^ 

jftadssaewD^RW^isatcit^Tffiiic £ *tf -r *g 

[000 7] #I«IS2 ©IPJtt, JtJfBrSttlf CHiT^l 

#tc «fc r tt-ct> *tf giftsm i ©#fe 
[000 8] *|R93 oftQiJtt. mriBBSSBfctt^^ 

10 mfi&te. Lr^-s c <b *wr -ssuib^ i ©»bj(cib»s© 

fBI^Stt^Sfi^HFtifcSfctf LT 9 . mrsBBttSl 

t|ii*Jf^TSB!rfB10CD7C^5J^>y^A > 
Ag/ciitfyfA©^©^^ <b& lot?&SC££ 

[000 9] ;HH&5 QftBtt. mriBSttBtJ^MS-? 
#F$j*£tf Life's, COiSttlifcHt, C©r£tt»& 

20 «EU COMftKifttt. C©««*Htf««©**^©^ 
> 7'K:J:b-<--ClUD*\ S/di, 1 0 m e VJ^rt 

©M-c/hs t^-> f+> 5- -izmtzm&m 1 ©^bjcc 
[ooio] «iifi6©#feBjra. BuiB^iW^«s i . 

C. Ge. Sn. P b ©rt©^»& < i> 1 C t & 

[ooi i ] xtimi ®mnz. m&mt)im.w$m<D?$ 

30 i&g£A i l//tB#. Am=2nd (m=l. 2, 3. 
4) *»fcTCi**-*-*WEJ(l50|EWK:EttCMl{t 

[0012] *gim8©BBJ«, WfBfSttHKli^tt 

r t > s c i * mt 5 «u sam 5 ibm i <o&m kibkosk t 

40 [0013] *gI^9©^Bj«, S«±tcyg14®*5J:0' 

ctnc«»-r*i««jB**tr. 7"N#fi3R©isaita*w 

-r-5 37cJW±©III -V*{fc^W^a»(«>6a*jH«« 

[0014] *RHS 1 0©^^, BUIBW*BCC«?v:tt 
L r I > ■!> C i * f S mizm 9 ©^BJ (cffitg 

50 B. MsBffittB B^S«^#F«5fi* tf u r <3 . C© 
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*\ */ctt % 1 Om e vart©*r*Sl^> F^t ? 

*??*&. 

[0015] *JH3? 1 2©»W«. fiJIBffittaW^** 
a N 6 tt 4 C 4 S # 9 ©1MB tciettDSM t$9$ 

wr*37ceu:oiii -vjjift^»*w**6«c*B» 

[0017] ^ISSffl 1 K1g-hiCr£1£Ji:fc<£ 
©IgfiflBB*^ 4 3 TCfiLbOlll - VJJHfc'&W^SW* 

<«H«*fficc*5i»-c, tffi&s*^Fl*ttM». #F 

3 * 4 4 <t cc , lufB#F@cD^S4 mFl5©M® cd^KS 
[0018] #imJ£ 1 5 WffiWFJBOSEfiffi 

h 'J^fM^Afc^T^^T^r 30 
[0019] #EUff l 6©#felB«> S«JbGcr§t*feJB*5<fc 

fifi£7 0 0°CtLL8 5 0*CEJTtU, -T^TO 40 

tc i o y v h;^±5 o y ? MwerFiu s^ccvis 

56* i I I I Ktc*©^^**^* 1 0 0 0«±15 0 

too20] BW-rtitf , »t*»*aK**# 

[0 02 1 ] Ufctfot, **9IK:«fc*i«* 50 
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*fB*ft"Car*. 
[0 02 2 ] 

ffi^riMicBMirr *. 0 1 b*»wo* i ommm 

®0-C^>4o I50*"C, 1 0 0«U-:7y-f+S1E* 10 
lBnfiGaN/^77-l(SiF-^ 3-5xi 
0 1B cnr\ 0. UidJT^I 10 2 (iniGa N 
ha (S i K — :7\ 3-5xiO n cm-\ 4 
Mm), 103BnlAlGaN^77Fl(SiF- 
:7\ 5xi0 1T cm-\ 0. 3/im), 10 4«nSI 
n 0 .i Ga». 9 N/G a N^HST-#F (multiple quan 
turn well) ISWgJI (S i K-:7\ 5X 1 0 17 cm"\ # 
F*I2nm. »£*I4nm, ^TH&3) . 105BI 
n 0 . 3 Ga 0 . 7 N/G a N^M^#F*SttJi (r>K 
#FifI2 nm, M»K4nm» ^THR3) , 1 
OBttpSGaNRSli (MgF-^, 5xlO w cm 
-\ 0. Urn), 107iiplAlGaN^7^Fl 

(MgF-7\ 5xi0 17 cm* J , 0. 3mdq), 10 
8BpSGaN3>^^H (MgF-^ 1-3X1 
0 18 cnr\ 0. 5/xm), 10 9BnlGaNlS@ 
MJf (S i F-3\ 1 x l 0 1 8 cm" 3 , 0. 3 jum) % 
1 1 OtipflJSfc 1 1 l»n»J«ffi"C*S. 

[0 0 2 3 101 «:^Lfc*»#U-1fO«HI*jStt* 
te&fc^^«*JBC>fc£WBJffifi (M 
etal Organic Chemical Vap 
our Deposition: MO CVD) SCC <fc 
0, t7 7 -fTlfil 0 0Cr>±CC, nfGaNA^y 
-110 1 *6nSGaNil 0 9gTJ&fi-f ^© 
nSGaNIl 0 9<D±tC— 35:7* h y ^ 
-tCcfcO vx^^Ml/, pSA lGaN^7*; FJB 1 
0 7#gm-r&$Tx*^>#£ff ^tC, piGa 
N3>** h« 1 0 8*J3cfiT*. ^OfgnSaGaN^ 
>^^M10 2^Mt^/c^(CnlGaN3>^^ 

Ull 0 2*«J«T4^*^**r«t»i**>^tt 
*T^o 7^^t»*UnlNtSl 1 1 x pffiJS&l 1 

o zjtm l . m i owMomm^mt u - if *«jg 

[0 0 2 4] CCt, Su IB nil n 0 . i Ga 0 .» N/G 
aN^SfiT-#FI^S«l 0 4 (S i K-^\ #F*2 
nm, Ni«4nm t ^T-^3) tt*©J:5{CRj»S 
#^>o J&&Um*l 6 0°C, I n 0 .i Ga 0(J NM<DJ& 
fiCC«, TMI (Fy^fJM>^^A) , TMG ( h 

y^^i/^fy^A) , T>-=e^r^*5j:^>^>*ffl 



7 

MG ( h U^^^'J^A) . T^-Ttf^fccfctf^ 

|5]t;:7'a-fe;*&3II]iSS , JjIU #F (we 1 1 ) B£K 
i(barrier) »©^T* 3iffl«»^tSL)t. 

too25] c ©<£ 5 l-cjss Ltc^mm^wmm 
m i o 4ec». @©®rt^rsj(c*jiir. i nau&a^r 

v - k • * 5 * » -fe > xstc j: s &mm*#pmmm 1 10 

0 4©#F@©^l£«ES©EF*9^ ; fe^«S0'C* 

Cc4il»T. HH£9fc^©glM^a*«3gSft7t:. — 

©ifcSf*. i^f h©fflfi£tca#L/-C^b-r-5. CC 
Tt*. -r>5^A©£tfrfi#s£t,>«. {-©Aftttftttfi 

<&*. ffr*>*>. ^mm^XFrnrnm 1 0 4k, *© 
Mrttcfco-c ^>y5A©fflS«t,« 5 l«K:# 

fii^CiAW^fc. ^©^ttfiBiSfeftSfcE^ifcif 
KB^fcli*. ^S«^#FKS® 1 0 4©&#FBt£ 20 
itS|!)2nmT, -i >W /»mj&fo3 0%<DBA£.<D 

mwitmmat^ i n < . r£i*yi 1 o 5 *>*=>©^ 

^SicStlS-T F+> ? Xits&plt;^ F*> v 

7c«fc^{Ci/y3> (Si) £ F-XUt:i,>-5>#. 03 «C 
fit L 7c J: 5 (c . -f > -5 > mUSic fcti> <J a > 

*»d**lCC<<. -e-©iSmiL,T. 4>i>*j&gum 

(,»»#©* + y +aus»ffi«,>. 

[ 0 0 2 6 ] h 4 iz&mm+xwmmm 1 0 4 30 

1 nGaN#F@<i:GaNI^IIB©^T©3>^i'^3 

> • F©tfl»**TSta;igTfc-&. rhcc 

fcOT. ttl^fS]«^SMl 0 4©J1*-^©SB!IS ; &^ 
U ISWfiHix*;^- • ^^ltl>i. 1310 ft 
fisL/ci^C. GaNRSW«cj*«£fcF:f-#?WEl/ 
Tx^j^- - F#*#<?Sftl<-Cl,>S„ C©ct5 
tCi^JU*-- • F^WttTSCiCCj:?). C<DMft 
"C© I n G a N#FB^©+ +• 'J i*©$3 C&J&ttWa&fl 
fi©/jN$C»m-?-(c>PtL-C«li< ffc5fett£i;&l>. 
Sfc. iSttBl 0 5#^T4C&KJ:9. C©MSIi 40 
10 4 "C© I nifl^©£l^#-e©©iKa<£.D£#. * 

©<k 5 7<c gflwest«aBiS!CtUA©^'Cft ■» r *> mi b 

7c *7c. C©PS®l 0 4K:^*n •5.^*6^*. n§2 

WHrc*iS"ja> (Si). fl»{c), yjuv^ 

(Ge) . *X (Sn) . IS (Pb) ©Of^i 
L tc®-£lC it. 0 Sn. »ffiJ:#*©3BIB*tt tt o 7c„ 
[00 2 7 ] 2|sSUS^!S©U— !fttLSlM»2 OmAT 
Sjfl»tt»»l/te. «SBftfi«4 2 0nm. «bfP«E« 50 
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3. 8VT£>o7c„ 5 0mW^{CS/N«*HIJS*ffll» 
tCl»fi6*©4ySW*U— 9*© 2 0 d BCCit'* 1 3 0 dBi 
flLkl/fc. &7c. ££*©«t4»£^*J&f£I(R»KB&ia: 
»fcfi>ffitttos«i88 u — »f r t*Wffi*ttH»-e 
*r>7c*i4*JSJKSS-C«2 0 0 mWST?^!ei/7c8i*- 

Fxmjjzm-rm&xztc. 

[0 028] «fai/)fc«at&ffiJC J: 

*3HRMt*u ga»s©£ra*te*ai' , <fc. 05 

<k3*-C«J6SlifciI^. SSj^Ji^D/c^b^* 

B, tbl^Wf^D. Att©««l««©f^to»)K. @«© 

•2> 0 C©Jt*SWCC-Ot,>T3e>CCi$L<!»Wrai. rStt 
MfrhfrXXJ Fg©WB'J(C. B/f 1 0nm©I n„. JS 
Ga..,,N«ifcJB*a8Wfc. 

[OO29]04A^. »«©»JR^«rt9:Wfcl:b*5t«l 
ac>©K» ur . S«©©JR^>WKfi£S ft7c#IM)i© 

ea^^rs^b^^ft^fe^^ff^n-sjg 
mtm'm.Lxm^c 

[0 0 3 0] E9 6U. *»Mtc«fc*i|aW*U— !f£#:r 
-< X i'Of'-^^tt L/fCI&ffl L7c«Sg*S»HJ-r-5«iC; 

»U-1f^^P>U-if*l 5 o^amsn. b>Xl 
5 2CCj;<P^m3n-r^;f : ^X^ 1 6 0KAWT5. * 
7= ^ ^ ^7 1 6 0 ©acitCSi, IH^PJ±K F7^162 
*5^W(E>n. ■?•© F 7 v 9 1 6 2 tCffioT f ? h 1 6 4 
*s^Sn-Cl>S. U>X1 5 2JCj:f3**3n7cU- 
if*«. COf'j h 1 6 4©W*ftfO£;DTJ5j^a^b 

2 0 nm©lx-if • t*-A?:fflCi7cli^CC«. |S]|ltcfi\ 
b7cJ:^KU>Xfc:J:i9SI*$tir®&ri|ffli,>t'-A 1 
5 4 A^&C4*ir#^,. ISIiaKW:. ib$jj©7c4t)tc. 
fit*©, DVD-^fA (&S : A = 6 5 0 n m, HP 
tb:NA=0. 6) ©U-if • t-Al 54B<t. 3> 

h • f^^fA (jfcg :A = 780nm. 
□hb:NA = 0. 45) ©U— tf • t*-A 1 54Ci4 
fi^07c. cti6©tt«3&»6W6*»«cJ:5K:. *HBJ©^ 

7cU-1f • t'-A?r?#SC<!:AS-C#. *f^^l60 
CCfcWS h7-^l 6 2©Pd1R54. h 1 6 

**n-etitt/h-r4cij&»-c#4. -e©if^ibr. se 



(6) 

9 

coo3i] se>cc. *jmomtMin&m»i'-irK. 

rv^-^~j wmmzmmmiamitvz s. io 
[oo32]4*s t mmLtcm-ziz, ^*s^#fks 

SI 0 4B3^7-©#FIi»ii©fe©?:fl,>/c 
gfc. ISSIgJKJGaNtcll^Sn-r, 

1 ti-pa imz-gA,tmm-ei>£i.K 

[o o 3 3 1 #§m<Dm2<Dmtmmic-?^-cm. 

HCCtelJ-C. 2 0 0iJpSSiClS, 2 0 1ttpSA 
lN^:-7 7l(MgK-^ 3-5xi0"cm°, 20 
0. Inn), 2 0 2IJpSGaNl (Mg F-7\ 1 
X10"cm- J , 4/jm), 2 0 3'ip3»A 1 ,. , Ga 
„., 9 KB (Mg F-?\ 5xi0"cm-', 

0. 3tfm). Z04BA1,., Ga,., Nffi&tS (T 
>F-7\ 0. Um), 2 0 5 tt^SS^FffiteB 
In,., Ga,., N/Al,., Ga,., N (7>F- 

#Fitilnm, PiigipI2nm. -AT-^3) , 2 0 
8BA1,., Ga,., NMM (T>F-^. 0. 1m 
m ). 207BnIAl,., Ga,., N?7-;FI 

(S i F-7', 5x 1 0 17 cm" 3 . 0. 3(im), 2 0 30 
8BplGaN»^I(MgF-^, 5xi0 17 c 
nr\ 0. lum), 209BnIGaN3>$i'H 

(S i F-T 1 , 1-3 x l 0"cnr\ 0. lwm). 

2 10Bn IPM® . 2 1 IB P IMSffi-C* S . 

[0 034] CO»t»»4^U--!f©llJfi*ffi«yc 
<D<h*sO-C*^. JgfeKMOCVDffifCctOpSGaN 
m«tffc£JB 2 0 8 $ X-J&m I, p MG a Nttift 

3*?fB2 0 8©±«t— * Hj V^57 ^ -tcJrO v 
(H^thD *JBJSSU nSA 1 Ga,., N ? 
5 * FB2 0 7#35tfit-Sg-Cx ^fcfT^. cK 40 
C-C, pMGaN3>3r^ h)f2 0 9%1&&T2>. 
*S*JBfiSU *<D^iS§B{c<fc0«gS©«8ffi ( f a c 

e t ) 

[0 0 3 5 ] *JU6SS8(c4sl»r« < In,., Ga,., 
N/AI,., Ga,., N£S3^-#FSttJf 2 0 5fc. 
»Jfil/fc*JS»«©^*«-WfFB«Ji 1 0 
^"o-fe^tCkOKai-r*. JlttWKtt. I n Ga N©J& 
gKBTMG. TM 1 fciO'Tyt-T^iffll*, A 

1 GaNB©fi£SK:'3:. TMA ( h 'J S 7-;U7;U 5 
A) . TMG, 7>*-7;tfX£jm>. fiXgSS8 6 0 50 
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•C, Mf4©V/III 17 0. £BT-©J&ficp#iB# 

ffl41#iLt, 3ia«»)SEL-ad«S-ttS. COM 
#FJI2nm. P$lgJI4nm. ^7-S[3©^fi 

[0 03 6] C©«t^/«C7"Pi2^ f Cj:0. ^mSiP#F 
r£t£B2 0 5©#F»»»«:*>-f >^^A. (In) USE 

IfCisUt, Ii2nm, Ina^2O%0fitt©I 

Vc< I n C <t (C J: 0 , «me»#r*iT. M**! 
a*4. I, T. InOttiB^OF 

» 7'«Jli2©^i 1 0 m e VlXTOM^Lfrtj; 
t». CO^N«*U— !f(C«**ttA-r*i. Iniiat£# 
ffil > C ©StftDSU^T-B F h © S i ifi'PU < jgm 

[0 037]I8B, C©r£ttS2 0 5 SrjSjigjm-^Sg 
G&ii (transmissionelectron m 

icroscope) qil^L/dsSSfc^r^S 
-C£>S„ Tfc*>%. S14B2 0 5K*JC»-C'i. I nflSS 

©iSSii. «fc7 0n m-C* 9 , ^©IfflBSBfflfcta 2 0 0 
nm-Cfritc. */c, *B^*©*K©te*. 
5rS!^.€>^tc J: oTC ©AtttRW©|fl]H* a> ho-* 

[0038] cvavtmwmKoismz a . cvMMtm 

?SS*5A-Ccbntfd = Am/2 n (m= 1 , 2, 3. 
4) ©*§^3^toifci»^«r3Sc3£Lr4r**36ir 
%tc. ttfc. m#4*jS*St§^'tttSS>#felg©£5£tt 
*stSTL/c 0 ChBlf, ^»**«fi*-F3&*jW!S 
n-5> C i CCjrS t^TL htih. 

[0039] ^mmmmc^tnt. wsmmmis— tr© 

[0 040] EI9tt^3eSfi4 0 0~4 3 0 nm©^ti 

^EacDWM'MESOK (°C) r, ftJfAta i n©^W 
(.%) irjkL, -€-n-en©f63fejS[fiK:*Jt,»-r. HB 

*©i nct^rwitei. fiSfifijscwMafefri^-r. 

[0 04 1 ] fiHMrtK»liJEStli»tt©^ 

^^•5C£A5Dje6-C*S„ — lnAiMS©! 
«©^i2©ffil n««(c*Jt>r». ^OFft^'BB 
««« J: 0 fc A # l » 4> ©© F ^ - t>m&? Z fcabtc* © 



* t 



11 

[0 04 2 ] jgffil{cF-^-ra^*B«5«:oi^tt, n 
SiftiSi, C, Ge, Sn, Pb6Wtttl*^ffl 
^±SltHfflWttt»o/c 0 — S i(D»^tC 

[0 04 3 ] *«»©*«M*b-1frBU*C»lil 0m 
A~C$mmm*3 7 5 nm#f#6ft. S*«^e- F^fS 
U 500 0«Flffl*rO>S3ailfffe*BL/fe. 
S8"C«Sfi<tLrS i CtHl^MMttOlfirtti 10 
ttjft < . Z n OWEOfltefctt 5 6fc«ftfc«»*EE» 
tt**»6ftfc. *fc. WffiLW&m 2 0 8 Br£t£Jg 2 0 5 
ec»Lt»«2 0 0O«|CCHWTt)A< 1 */c ffittJI 

[oo44] 3mc % *micM 3 (on«0Btt*BMa-r 
s 0 010 «**e8©»3 ©^tt»ffl*^-r»h»ifi* 

7 7-f-HHR> 30 1BGaNA»77-i(0. 0 1 
Mm)-C&*3, 302lipSGaNP>^^H (Mg 20 
F-y\ 3-5 x l o"cr\ Um) , 30 3»p 
SA1 0 . 2 Ga,. a N^7 7K1 (MgF-7\ 5X1 
0 ,7 cm-\ 0. 3 Mm), 3 0 4t2pSG aNRSJI 
(Mg K-^ 5xi0 17 cnr\ 0. Um) , 30 
5ttln,,, Ga,. 7 N/GaN^ltT-#FSttl 
(T>F-y\ #Fit§2nm, »fi(B4nm* ^T-^ 
3) v SOBBnBGaNIMI (SiF-^ 5xi 
0 17 cnr\ 0. 1 um) % 3 0 7«niSA 1 ... Ga 
... NZzr v FJf ( S i F-:7\ 5x l 0 17 cm-\ 
0. 3 Mm). 3 0 8ttpIGaNiW»li(MgF 30 
-y\ lxi0 18 cm-\ 0. 3um), 3 0 9«nSS 
GaN3>^^H (Si F-^ l~3xi0 18 cm 
"\ 0. 5 Mm) > 3 10«n»J«ft, 3 1 1»pMI 

[0 04 5] JU(TCC-€-CD»JS*ffiCD«r««:a5^S. *$A 
flEfiBMOCVD^ioTtTofc. t7 7^ 

^S*53 0 0CcMOCVDffiCcJ:ijGaN^y7T-JB 
3 0 l«ftS3tt:«#. ft7r-f+»«3 0 0ttiai 1 

(a) , (b) *C7n3*iSJ:5K:, X'J 9 htt<D«Jtta 
3 2 0#A-oTt»**>©*JBC>fc. CCr, «ni3 2 40 
OOPBDtt, *32 50/umx30Mm, Wft@ 

B±a>BP»*ft2 5 0 izmglitSCi^i. 

[0 04B]*jOBgjB«:*ji r »rtt, sr, t7 7 ^t 
S©3 0 01(c|rttl4(DdUW#i< ttS^tGa 
NA-;77-I30 icDJSS^tf^o "Tttto-fe, *SJiJ£ 

<T£C<!:&c£0, a«a®-C<DGaNJl^^tt^iS 

C<bCCj:oT, If 7 r >f^Stg3 0 0O^ni3 2 0<D 
SU»BGaN^977-H30 1 r£#*l4tfc«<tfc 50 
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[0 04 7] * Off OAAWirirJRk piGa N 
n>^f^hi3 02^pfiGaNI«ISI308j! 
riiS**tT5. pfflGaNa«*M3O8*T?05KL 
fcfiL 7*h«JV^^7^-6Cj:«3pSSGaNa«l»e 
S3 0 8©±tc8B#WK:v** (EKHM') fcJ&J&U 

nSA 1.., Ga 0 ., v F»3 0 7^«HJT4 

^ti^>^T^o nIGa 
N3>^^F@3 0 9^fit^ e n>^^h@309 
<D±CCN i iAu?:IfLtnili3 1 OfcJfcEW 
& e *fc, IK30 0TIiJ:OGaN^777-i3 
0 1 ^>^ttJ:9l&*U Pt, Ti, Au£J« 
Mfltpllg3 1 t*i*U-1f* 

^t*r€>/c^ii^ccj:^ffiB (issuer) o^l, # 

[0 04 8] #tC, *HJSJi5MMc*jtf 5±iB I n». 2 G 
a 0 . 8 N/GaNm^FStti3 0 5<D*WBft 

flsfiftfrSMwr *. xa»aft» 740 -c-c, 1 n g a 

NltiTMG, TMIfcd:r>7>^7^^^ G 
aNl«TMG^r>7>^7^^C^c InG 
a N#F»ttl&fijSfi# In,., Ga 0l8 N(DJIJgt*£g 
ri Mm/h<Dt#?>nS^cA^fl=t?7tA GaNBII 
BTM I 4±«>T2 0fJ?©JSEfi*?f5. InGa 
N#Wm iGa NKIIBCDs£S©ratCB 1 . 5 #<Z>fS« 

tT^CiCCj:0, In.., Ga 0 . 8 N/GaN^MT- 
#Fr£ttJf 3 0 5rt*CB I nmi&'tommtftlC&l>®&& 
#F««#KJ&«3*iS. =W*WtettS#F»«:iWE2 
nm, I nttJffittd OX0lMfraHR^8ti«. CO 
ffl«»Jg|iaccl:t^ I nW^Cticj; Old***? , 
CtUCj:9 I n*^l^^OF¥*^^»Sliaofia«<b 
lOmeVOTOl^W^. CCD^t^*«i*U 

r » pwoKDSi ifi&tn < a» 
[0049] Hi2tt, «tti3 o$<Dm&mn*mm> 

■SWaWCCjiOtt^ftSrBKUfcfe*, i§tt»3 0 5K: 
««<DffljflE*B^fc»*. JHHJ:Q4> I ntlfttfffl'C 
tl^Kmtds»wmrc » /Co 

[ 0 0 5 0 ] 5 ttJftttOWflWsjBflESnSJREg 

tt, GaN©±«CGaNitt«Al/ftlrUnGaN* 



(8) 
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[005 i] ii 3t2, gtvumaxk* s <t*fgp«^$s 
-c. ^fAw^siis^j^aiL, mmtM>mm<D¥-m 

BS» 1 0 0 n mJMT-C*-2>C <t#M£ Lt>„ BtKSIii 
©&# C *lfcLt;*:# < & 3 <!: . 13 1 3 SC^T i 5 frc^3fe 

wm&m l < <st-t set o 

[0052] »fc. XftW^Z. Btt^i-ecDM235 
©-f >y>5 ACDiSg^E^TcW^^flj^i^tCpI^/ctS 
*. mm* 1 0 0 n mOTOgTOSAiffitS/cfctc 
«. ^M^O^SWCfct,»T > 2 n m C<t tC 1 0 

^%-c>^^A?ss©tijja*^-s»^K:«, as io 20 

C0053] *§t£jirt©iis 1 nmi&mz Y-f-lfi'Pte ^ 
<d-ci nmf&<Dm>mmt&it®m&B&>. tic. 

setj^a^ffi-r. cn&cj;9Bt*;©an n*jWe«, <* 
is 1 n«M«. k+> v 7temmi&m®t&£*)*; 

tt>&©©. F^-##£T£fc&&C^©!£&fc:cfc-5>® 

c ©t*ai«is ttLW-e * -z> x h mm L /<:. 
[0054] m&mic Y-y'tttWtot Ittt. nl 
i&iSi. C. Ge. Sn, Pb«Jfr(il#l,>i*i 
Jb^Lilffllft-Cfct&^-ofc., C©*SS^-c«r§ffil© 
T&t\ ®^(S)tCRSS3-B-?cGa N^-:> 7 r -JM3 0 1 # 
8SW 6ftTO*©T®ffiK|fcft^^2fc4>fcU„ •£©*£ 

[0 0 5 5 ] g/c#*fc^©¥iSf*U--- 

2 0 m A-CSSiii^^IL. #fcigfcS«:4 2 0 n m. lb 40 

«fc9 5 0mW»ftB#©S/Ntt. #«i6*flH»ttl»fE* 
©*J»(*U-if©2 0 d BfCit^ 1 3 0 d B iSg*(C|6l 

a>efflji%ti-c2oomw. sj@jfsis**t&L 

3 0 0mW«D«W;9*t».5**>-C*fc. 
#*-T4MWM49-f HC*JWSSfefb«JflJ*>6 1 0 

[0 05 6] *3Ugjg«sr«S«tur 1f7 T-f+»ffi 50 
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feat*. S^U&g^&iLTMBE (Molecul 
arBeam Epitaxy) ffi&ffl</>££. U 

[0 057] ;xcc. *»M©»4c«lEittBMi«:-3i»t:a(i 
1 4ia«**W©^4©«Jfe^Sg{C^to*S 
fl***MWM«l£y-f*--K (LED) ©«fllj££l& 

Bj-r-5/c*©fc©-c*s 0 pistefctir, 4 0o«-9-7 

T'ffil, 4 0 lBGaN^y7rl (3~5 x 1 0 
"cm-'. 4ym), 402ttnIGaNn>$i'M 

(S i F-7\ ixi0"cm-', 2(im) , 403IJ 
niG a N@ ( S i Y — V\ 5xl0"ci-', 0. 1 
ym) , 404IJIn„. i Ga,., N/GaN 3MQ 
W*£ffll (S i F-7\ #Pl2nm, BII4n 
m) , 4 0 5itpS!GaNB (MgK-7', 5X10" 
cm" 1 , 0. 1 Mm) , 406BGaN3>$?H 

(Mg F — 7*. 3xi0"cm- J , 0. 05ym). 
4 1 O&Jpfliijm^, 4 1 1 tt nffliJSffi. 4 1 2 « I TO 

(Indium Tin Oxide) MWM%-C$> 

[0058] |S)E©£¥«<*»«MOCVD&(tJ:9fi5c 
Stfc. tSttH4 0 4©Ji£gB#Cc(i^n-en©l n„. 3 
Ga,., N #PM®ttftfft(CJi&£>f>IKI$M 5: 1 6 3 

»*wt i n&&&m>&vtmm*ftmL?c. r§t&i« 

^©j£g»ffiS©»&R:fr&rfir-?fc. fiSfitpllift 
•2>g|5^v^ + >^bnMGaNa>*i' hJ14 0 2*5 
gffit 5 $ t F 7 -/ 1 ? f > 1> 

^-^©ffliM&^y-^aflfe^ssin 

-^■r^&I5^CC{iS i O i <&tttffc. ^tfJf^©±MiC« 
±®2IBm«B*^fiSLS6fc— SP#-CnffliM«4 1 lie 
at>g|J»tCpffliJ«S4 1 0£7£fi5EU n$JS1i4 1 1* 

*>#FmmtK. i n mm k> «t o n. -e 

©«l^*K«4nm©iSa-C*o/c. $/c, #14X^K 
<fc 9 P8-</c i C 5 . C <Dffi*8LmmW$ K> © I n 

lOmATlOmWtiofc. $/c, 10 0mAt«5 
0 mWT* -5 fc. Ife^^fem < ftSm+Mmi* 3 0% 
icm L/c. c©£ ^ %B^-c , ^?SS* 5 ^i<^^* s * 
iir^fc©«, iSttitc*^ I niiflfe&qsi»flW*(c&A 
$n/c*f •€■©« I niSS:^CcHDii«)6n 

■ClN^HtS^ -T £ C i < L fcdb-C * S . 

8. W©HMfe*5-C#. GaN^©7JV*7-^^^- 

^HJfr* citrus. 



(9) 
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[0 0 5 9 ] ^«C % #»DiO*5C!^OBg»K:ol»Ttt 

*£5 00<D±&C, ;^7r-i50L niGa N^> 
>*H(Si K-^ 3-5xio 1, cm-\ 4 u 
m) 5 0 2, n§2A lGaN^7^FB(Si K-:7\ 
5xiO ir cm-\ 0. 3/im) 50 3, -/>K-^G 
aNBSJgJl (0 . 1 /im) 5 0 4, InGaN^lI^ 
#F (MQW) rSttIS 5 0 5, >> > K-^G a NBJjgJl 
(0. 1 Mm) 5 0 6, pSAlGaN^7^Ki (M 
g F-7\ 5xl0 17 cm" 3 , 0. 3/zm) 50 7, p 

5 x 1 0 18 c 



16 



(-BJMfcS*) fll 
5 1 Ottpfflltt 



10 



g>GaNr3>£^Mf (Mg K-:?\ 
m" 3 , 0 . 5 urn) 5 0 8, S i O a 

5 o 9&mxmm2tix\,>2> a ttc. 

ffi, 5 1 lttnffi«WC*4. 

[0 0 6 0]«iS*j*^CWl»)r**. MOCVDffi 
-ess 5 0 0 ©±tC^ 4 ^ 7 7 -1 5 0 1 ^Scfi L , #tc 
J&fiiBKl 1 0 0 'C7TMG ( b % 
TMA ( h 'J^^T^^^A) , T>*~7\ * 20 

SBR*ffll^T, nSGaN3>^M50 2, n 
SAlGaN^7^FI5 03, ^>F-^GaNB!S 
■ 5 0 4ft«X«)B-r*. 

[0 06 1 ] jfcOC* I I I j^flttt#*©^*#± 

u a«iBK*7 6 0'C(c»«'r4. coasr, tm 

G£-15'CCCffi^, ^X^tVmiltl 

occ/#, 7>^~t£2 o'c-ei OL/^ 

19. 7 L/MU, C*l&CjJO;LTTMI (bVJ*)l> 

0 c c/^i 1 5 c c/^ioa^btitfil . 5 #-30 
fo2 OEJftO^LWOSATWI&U InGaN^l 
ST-#FffittJl 5 0 5 ©J5R**fT5. 
[0 06 2 ]t<Df£, TMG±TMI<D«te*±»*C* 



* <hrd**fM:U 7kfR£4 0 c c/#, SSR* 1 9 . 
9 6 L/#, T>^7£ 1 0 L/#©a*T«EL&# 

6, i i o 0 B c*r4»iB^WT»iar4. o^rsfi 

*1 *M5 00 cc/^ 

14. 5L/^ TMG^lOOcc/^ 7>^:~7 

£ 1 0 L /#0ifcSt*S& Uy>F-^GaN !??&Jg 5 
0 6^Sl« fl C©«CtiCCCp, Mg (fc'X^n 

-O^yi^Wn^A) iTMA^MtpSA 
lGaN^y KB 5 0 7 feftitflL, #cecTMAOD0U& 

M^tpSGaNn>^^ M50 8^it^ e C 

(DSL S iO z H5 0 9CDiia, V* hvvtrw* 

pffjjm©5 1 0, n(HK&5 1 1CD^ 

[0 06 3 ] atraioxecctj^rtt. k&jis o 
4«jat*LytaccflEsaa[*7 6 o-csrsau/c^ 

C<DSS«, 7 0 0'CfcLL8 5 0 TJ«T"C*&C 
[0 064] tt. InGaN ©JSfiSfcttWH'* 

3 o y ? h;wcu vSot5R£iii J£otS 

<D13 XOmMlt*: 8 4 0 0 U ftfltfiflR-C I n 

(Photo Luminescence : PL) ~CfF 
ffil>/ciC6, 311 (C7Sr«fc5(C7 0 0'CJ£Lb8 5 0 °C 

fc. j0uw»w7oot:*tb*£. tfc 

0, PL»*S*S3W±*S6ttl». J«fiJB«*J8 5 0-Ct 
±H*i, -SP**W Steak PL^M 

44NKc<BML>fc. 

[0 0 6 5 ] 

[*1 ] 





600 


625 


650 


675 


700 


725 


750 


775 


800 


825 


850 


875 


900 


PL5&*5*0C 


0.5 


0.5 


0.7 


1.3 


6.7 


a.6 


9.5 


9.5 


8.3 


7 


6.5 


0.9 


0.3 



[0 06 6 ] SfctC. #!8?B*tt, JjSSiaK* 7 6 0 *CtC 

fc<3 3 0 <) v MKCU V^TC^tHI ^7C*CD*Jl/?j£ 
«tbttfftt«rH' , <fc. *2©8KCV*ot*«»: 
ni ffitfk<b*>\>%m.Vdfi 1 0 0 0«_hl 5 0 0 OtTF 

eiTc^^^ssathJ&s iooo zTMzt, -Hj-KgitJK 



40 i myvm<o^)im.mtb^ 15000 zimz <t. **n 

[0067] 
[*2] 



V/lll It 


700 


IOOO 


3000 


5000 


8400 


1150O 


13000 


15000 


17000 


PL$&tt&* 


0.3 


6.7 


7.5 


9.2 


10 


9.7 


8.5 


7.3 


0.5 



(10) 



17 



[0 06 8] SfctC. fiHHR**7 6 0'Ctt:HJ£U V 
Wvtntm j5$an3St©ii£Sit£8 4 0 0tCU "T^T© 

ifcsan o y 9 NutLh. 5 o y f h*jsrrc«:+»«t 
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* 0 y » \-)l*T®Z±, +ftt£fxfcLtj:Wcib. PLfl 
#»I*#U:#6ftt». — »M* A: •}©*«*«*> 5 0 V v 

b)\>z±.®zt. mmifim<tc t ), +»ttsat»m/fit 

[006 9] 
[«3] 





5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 




0.2 


5.7 


6.3 


7.5 


9.2 


10 


9.5 


8.2 


7.3 


5.3 


0.2 



[0 0 7 0 ] 3WOSJg»-Ctt, I n G aN^Il^F 
S1415 0 5*J:0^>F~:/GaNIW»i5 0 6th 
CCSH tt K - tr > y *tt b T I >ft 1 >. ##9i*<D^ 

# I nGaNl<fcO blffi&IRVtoZC t&tofr^Xi,* 

(SfiST-PSMB) -CWimislctCZ, I nGaN^ 
fij*F#Ft§14JB 5 0 5 ccTttttW* ( e ^ h ) 
U COtTv>*«-/> F-:/GaNBMgJ15 0 6lC<fco 

[0 0 7 1 ] -Ttttofe. mWlteftRW&tfilf&lrZZ 
«jt*iafK{butefliJt*«s%uriftw-r4. hi etc** 

Lfc<fc5fC % y>F-^GaN15 5 3t^>K-^I 
nGaN155 4O^oS^^*0, U^4>^>F- 
^InGaNI554 ffJ<DWffiCC«5>: (b'^h) P#* 
£. W#fctt*tt^*ipS:3>** h»5 5 2 % n^rs 
»d^H5 5 5t^Ltpi«5 5L nffliJUSB 
5 B*«««3*rCl>4. 

[0 0 7 3] W«BK:||WrtJfc«E**»Wfc4-r 
y > F— >**G a NH 5 5 3 (Djjifisis F — 7* I n 
G a Nil 5 5 4 KJt'K-OO F*> *;> -ftfijz^tctb 
CC, *ft»B 1 6 *CD^EP-C^-T J: 5 ficattl, I n G a 
N@ 554©^ fe(D^tt««<DT(DaB»OKi«ffiK»ffi 

[0074] co***SHE-r4fc»«:i: 

/Co HI 7CC^5»U-5x3>-Cffll^cJBaiJfi4^'r. 
JB*a«U-1f«jft*«Ufct>©-C*t), 5X1 0"c 
nr'CCF-^StifeWSO. Um©nIGaN3>* 
*FJ156 1. 5x l 0 17 cm- 3 tcF-7'Sn/cJS3 
0. 3am©nfflA 1 ■.a,Ga.. ll N*5* KB5B 
2, «3 0. UmO^>F-^GaNWM563» 



11^0. l/imO/>F^In,., l Ga,.„Nffitt)l 
564, )l$0. 1 iim©/> F-^GaNIB»JB5 6 
5, 5xl0 ,7 cm- 3 iCF-7 , $n/ci?0. 3/LimCD 
pSAl 0 , aj Ga,. ai N^7^Fi566, 5xl0 18 
cnr'fc F-^Sn/c/¥3 0. 1 MmCDpMGa Nn> 
hJf 5 6 7 3^6&4. y>F-^I n 0 .osGa„. 9l 
NffitfeJBB 840-/>F-?GaNWBI5 6 3 CCSTT 
4IHGteW:*I0. Um t SSS0. 0 5 MmOT^KfiBJ* 

20 ©e? h oM«c©i ^ WtuM i fcftc^, 

[0 0 7 5 ] C©J:5tt^6C4VO«EE*EPttL/^ 
( e ? F ) ©BT-C©««*fl[0»4S*BI 1 

8 tcntr „ e ^ f ©«»r«i«*acw 3 0 %w± &<s« 

LTt,>6 0 COJ:5Cc«©i»a3&^««i«©ffaE«:J: 

30 sbrccb\ g-r, *«3W*fasw^r»«*«*fi*»), mass 

K-^ , "Ca<, 5xiO ,7 cm- J (CF-^n 

C4CC&-5. K«3&ii»(08B»WDliSlffi®iR»i 
[0 0 7 6 ]^ 6 ©X*D»SWCOl>T 

fi«3fi*»fl«*y-/*- F©«wfJ5S*»w-rsfc» 

■CI*. 1f:7y ^i*3tS6 0 0±tc, ;1?77-I80 
1, nfiGaNJ?-; FIB (S i F-7\ 3-5x10 
l8 cm-\ 4/im) 6 02, y> F-^I n GaNtStt 
B(0. 2*zm) 603, pSGaN^7^ FIB (Mg 
F-^\ 5xio ,7 cnr\ 0. 3vm) 6 04, pS 
GaN3>*^H (Mg F-^ 5xi0"cm" , l 
0. 5jum) 6 0 5#»XSWStiTt>i. 6 1 

0«pSaj»9a«ffi, 6 1 lttnSSStftS. 
[0077] C^J:^^: LT*«W©» 6 O^teJKSRK: 
50 «to4«t«l3M«f**Wy-f*--F*flFfi»t-*i, -> 



(11) 

19 

>F-7'I nGaNiStti60 3©pSGaNi'7--; F 

16 04 m<OWffifc?3Kffi& ( f •> h ) iflWMZ 
t©«fc*>Cte? h#ff$l&3*i£C£T[Hfi#£D&t£ 
(cftS. G©8B#6 0 3 Att^IiGaNKiSn/c I 
nGaNBf*£„ C©«fc 5CtJHB£;-«> F*> » ^© 

aco. jaaw!Wi*r4. -rate*. c©«fc5c-ci,-c 

#3fe Wfcfil l » -6 C t (C <fc ♦) %%&l$©ttl »«* f -f * - 

F*f#£t £ 

[0 07 8] JX«C. *mi<D* 7 ©aa*©»MKeoi>T 10 
KWTS. 02 0»*^BJ©»7©SIJ©BSI{C^to.5S 
* t®JS¥i»«:^5fe3R^©«IB8«««rift 9W Ztceb<Db<D 
|5j0t-C:tet,>T. 7 0 0«t7T-f7«i. 7 0 
lBA»7r-B. 7 0 2ttnSGaN3>i'i'(-i 

(S i F-7'. 3~5 x 1 0 1 ' cm- J . 4 Mm) . 7 0 
3IJniA 1 GaN>75 KB (Si F-?'. 5X10 
"cnr\ 0. 3/im). 704«nIIn,., Ga 
... N/I n... l Ga....N£*^#F«8» (S i 

F— :7\ 5xi0 17 cm- 3 > #p|2nm, f9IifI4 n 
m. 20B). 70 5BI n,.j Ga... N/In,.„ 20 
Ga„., s N£S«T-#FrSttB (^>F-7\ #F*B2 
nm. Pfltffi4nm. 10®). 7 0 6«pIGaNSS 
II (Mg F-^, 5xi0"cm-', 0. lyi), 
7 0 7 {i p MA ] GaN^5? FB (Mg F-7'. 5X 

10 ,7 cnr\ 0. 3/im), 7 0 8 ttpIGa Nn> 
*^H(MgK-y. Sxio^cm" 3 . 0. 5y 
m) . 7 0 9«S iO, I, 7 1 OttpfliJSfii. 7 1 1 

[0 07 9] niln,., Ga,., N/In,.„Ga 

. . . . H&mmj-ttwmmm 704 j: 9 co&gs # 30 

S. J5£gS£W:7 6 0'Ct\ In.., Ga,., N#FB 
©*&BtC«TMK TMG, 7>*-T. SiH, 

I, TMG. 7>*-T. SiH, £ffll>-CJ?3 #4 n 
m© I n,. i: G a.. 9 ,N|SSMJl ; &sES"3"-2> 0 -otficWS 

l»IBO»«l , #IIII**Jl>T#F»*IBI*{CJSS*"r-5. C 
©<£5&:/a-teX£-£it2 0 ls]$g 0 il-f citnSI n 
... Ga,., N/I n,.„Ga ( .„N^ilf#FBS 

17 0 4«r?S, 40 
[008 0] Sfc, In,.) Ga,., N/I n,.„G 
a,.„ N£**?#Ft§ttJl 7 0 5 ©fiEg*ft(iiX©M 
^•C*^). 7 6 0 , C©fiX6iagr. In.., Ga... N 
42nm«Sl, 1 WH©IS«B* HB*«T I n „ . . , G a 

,.„N*isfi"r*. t©tM ^ju^tti omigoii 
■r. 

[0 08 1] COi^&SS^ffita^tnMI n.. a 
Ga,., N/I n,.„Ga,.„N^fl^#p|8SI7 
04iln,., Ga... N/I n,. 01 Ga,.„N^ii 
T#Fr£14B7 0 5ftK. *K«***U e» so 
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h * wr 5 mm. «r -5 c £ # pt#6 £ & s . 

[008 2] «_L Ooo, *R9!CD&* 

©JBSKco^-CSiWL/c. L*>U *»3IIttC*i6©* 

frhmi ©sat^fist? wffittja » > > f - ?b-c* 5 
nS*^m*pS!ccF-^snr(>-rt)ac^ gfc 

^'JnS^pS&c F-t>^3tiri»rfcftC>. ^© 
ffe. 3WW«*©«B*jW»Lttl»«H-C«<fSO*5l/r 

[0083] 

[aw©**] «±»^L//c«fc s (cfcmaoflfbWR^ 

eflkOR^moffl^Wtl/— If i LTSEffliiJIfcfctttt* 
»ytbfc*iW*u— •f*fSffltcS»{cfffiRT*. ^©W 
fflttt*«yc-C*4. 3 6(c. HKtt£©&4bttffll¥3|tt 
u-tftcj: l )fElij»^e.©^^tBb*jJ:iii { S#ji^*! 

■f*-Ftt:J:*itf. J WI8a«©*l.»ttfbllHRm6y'f4- 
- K#W6*ifc. 
[HiHOlMiftliran 

[01] *»W©»fc«J3ft*«f*»36«?-©» 1 ©SUMS 
[12] II (Cw-r^ltt^Ufgl 1 0 4©ffirt^ 

[Bis ] 0 i «c^-r^aaT-#FWSB 1 o 4 tcfcw* 

I niflriciti F*-«a©H«*5Vr* r 9:7"C*S. 

[i4]n tc™-?&nm*#F s ffimm 1 0 4«c*5W4 

[0 5] 0 1 KwTa^**f»f*«3t*iF-©*ffl*«: 

[06] mm#\s— xixDmftmummL 
[07] x&w<D&imm!mi*&%m*<Dm2<Dmm 
[0 8 ] 0 7 icmtrxzim 205 tmtsMivmaLix. 

[ 0 9 ] 0 7 {C^-TM{t®!^¥»^^^©Si{iS^ff 
[010] *ffeBj©^t^*^^7feS^-©^3©SI 

«ag**^"r»f iiiia r h & . 

[01 1 ] 01 OKlm'J-a^kttJft^WflsftJttSR^-KflU,* 

zm&ommzttnmm-c. < a > «¥E0. < b ) 

«fBiM0-C$>-5. 

[0 1 2 ] 0 1 0 JC^-TrSttB 3 0 5 ©aas«7SRflk 
[ 0 1 3 ] 0 1 0 tt^-f ffittB 3 0 5 tc*sW SSt««JS 
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pMGaNlW^l 
pffl'JSSS 

GaN^y Vy—M 

pIGaN3>^^ hjg 

pSA lo., Ga 0l , N^^v KM 

P^GaNffigB 

In 0ll Ga ( , r N/GaN^fiS^-#Fr£tt 
n^GaNffill 

nMA 1 0m2 Ga M N^^^ F@ 

pSGaNIligi 

niG aN3>^ h@ 

p Mm® 

n§^GaNr3>^^ 
nf GaNI 

I n 0 . 3 Ga 0 .r N/GaN 3 MQWfi§t4Ji 
pS GaNJl 
p§^GaNr3>^^ h@ 
p ffiISS 

nIGaN3>^ F® 
nMA lGaN^7? FJB 
y>F-^GaN»jgli 
I nGaNMQWgtti 
s> F-^GaNRSl 
pIA 1 GaN^7^ FJB 
piGaN3>^ hB 
Si0 2 I 
p ffiJSS 
n fflijm® 

p ffjjme 

p§2^>^^ 
y> F-7'GaNi 
y> F-7'I n Ga Nil 
n§2n>^^ FH 

b^ h 

nlGaNn>^^ 

n^A U. l5 Ga,., 5 N^7-; Fli 

y>F-^GaNB?SH 

-/>F-7 I n 0 . oa Gao. 92 NfS14® 
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56 5 >>>F-^GaNI*»» 

56 6 pSAl Dlls Ga t . f5 N^7^ KB 

56 7 piGaN3>^^H 

60 0 if7 7 >ftlS 

60 1 rtvVrM 

60 2 nIGaN^7 ? KJB 

60 3 y>F-^I nGaNr£14H 

604 pSGaN^7?Fi 

60 5 pSGaN^>^^H 

6 1 0 p§?jgBJl«ffi 

6 1 1 ng^fiS 

7 0 0 WrA^Wfc 
7 0 1 ^v;r-l 
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*702 nMGaNn>^^h@ 
70 3 nSAlGaN^7-;Fi 
7 04 nil rio.x Ga (l , N/ I 
N^JiS^#FrSt±B 
7 0 5 In,., Ga,. 



10 



N/ I no.o.Ga,.,^^ 



706 pSGaNISSl 

707 pSA 1 GaNi>7 ? FB 
7 08 pIGaN3>$?H 

7 0 9 SiO, M 

7 1 0 pffliJmS 

7 1 1 nffilttff 
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